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ULTRA-WIDEBAND IMPULSE GENERATION 
AND MODULATION CIRCUIT 

FIELD OF THE INVENTION 

The invention relates generally to electronic radio 
circuitry, and more speci?cally to circuitry for generating 
and modulating ultra-Wideband impulses. 

BACKGROUND OF THE INVENTION 

Ultra-Wideband systems such as are used in radar, RF 
sensing, and communications systems typically rely on 
application of a short impulse signal to an antenna, Which 
then radiates an ultra Wideband signal. The characteristics of 
the radiated signal are largely based on the impulse response 
of the antenna, as the applied impulse is typically in the tens 
of picoseconds to nanosecond range. The propagated RF 
signal then typically has a ?xed center frequency and ?xed 
bandWidth, both of Which can be in the multi-gigahertZ 
range. 

While such a system may be Well suited for radar or other 
RF monitoring purposes, data communications applications 
require some method of modulating the signal or encoding 
information on the propagated RF signal. On-off keying 
(OOK), pulse position modulation, and other modulation 
techniques have been implemented to encode information 
into transmitted ultra Wideband pulses, Which can then be 
used to transmit information at a rate that is dependent on the 
ultra Wideband system’s pulse repetition frequency. 

Technology such as avalanche transistors and Zener 
diodes is commonly used to create such pulses, but even 
impulse excitations of several thousand Watts typically result 
in less than one Watt of peak microWave-band output poWer. 
Further, because the semiconductor devices tend to heat at 
such poWer levels, the pulse repetition rate is then limited to 
approximately 10 kHZ or less. Much of the energy produced 
at frequencies loWer than microWave is not propagated but 
is instead dissipated as heat, Which can have a negative 
impact on circuit reliability. 

Ultra Wideband technology nevertheless remains desir 
able for some applications because it is dif?cult to detect or 
intercept, and such signals are dif?cult to jam. The impulse 
nature of ultra Wideband transmission and the loW poWer of 
the radiated signal virtually require exact synchroniZation 
betWeen a receiver and transmitter, so that the receiver can 
accumulate enough pulses to provide a high probability of a 
detected signal. Ultra Wideband radar or communications 
equipment also only minimally degrade the noise ?oor of 
other nearby RF equipment, making integration of ultra 
Wideband systems into existing assemblies of various com 
munication or radar equipment relatively nonintrusive. 

But, these ultra Wideband systems typically employ peri 
odic or psuedorandomly timed pulses that are themselves 
uniform in con?guration, making detection of pulses in 
radar applications straightforWard. While such pulses Work 
Well for radar applications, they do not lend themselves Well 
to other communication applications as they have not been 
adapted to carry information. 
What is desired is an ultra Wideband pulse generation 

system that can carry information, and that is loW in cost and 
in poWer consumption. 

SUMMARY OF THE INVENTION 

The present invention provides a modulated ultra Wide 
band pulse generation system. The system comprises a pulse 
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2 
Waveform generator circuit operable to generate an on-off 
pulse Waveform, and a modulating circuit operable to 
receive a modulating signal and to modulate the on-off pulse 
Waveform in response to the modulating signal. Further 
embodiments of the invention comprise a variable band 
Width circuit operable to alter the bandWidth of the pulses 
comprising the on-off pulse Waveform. Various embodi 
ments of the invention comprise on-off keying modulation, 
pulse position modulation, and pulse phase modulation. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs a schematic diagram of an ultra Wideband 
pulse generation system consistent With the present inven 
tion. 

FIG. 2 shoWs a schematic diagram of a modulated ultra 
Wideband pulse generation system, consistent With an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

In the folloWing detailed description of sample embodi 
ments of the invention, reference is made to the accompa 
nying draWings Which form a part hereof, and in Which is 
shoWn by Way of illustration speci?c sample embodiments 
in Which the invention may be practiced. These embodi 
ments are described in sufficient detail to enable those 
skilled in the art to practice the invention, and it is to be 
understood that other embodiments may be utiliZed and that 
logical, mechanical, electrical, and other changes may be 
made Without departing from the spirit or scope of the 
present invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense, and the scope 
of the invention is de?ned only by the appended claims. 
The present invention provides a modulated ultra Wide 

band pulse generation system. The system comprises a pulse 
Waveform generator circuit operable to generate an on-off 
pulse Waveform, and a modulating circuit operable to 
receive a modulating signal and to modulate the on-off pulse 
Waveform in response to the modulating signal. The modu 
lated on-off pulse Waveform is therefore modi?ed to contain 
information as is contained in the modulating signal, making 
the novel system operable to carry and transmit information. 
The pulse Waveform is modulated in different embodiments 
of the invention by various modulation methods and circuits, 
including on-off keying modulation, pulse position 
modulation, and pulse phase modulation 

Further embodiments of the invention comprise a variable 
bandWidth circuit operable to alter the bandWidth of the 
pulses comprising the on-off pulse Waveform. Such a circuit 
Will in some embodiments of the invention take the form of 
a loW-pass ?lter, Wherein the ?lter serves to reduce the 
high-frequency content of the pulses and therefore reduces 
their spectral bandWidth. 

FIG. 1 illustrates an ultra-Wideband pulse generation 
system consistent With the present invention. At 101, an 
on-off Waveform is generated. The Waveform When 
appeared as a varying voltage appears approximately as is 
shoWn at 102. An impulse generator circuit is shoWn at 103, 
and produces a short pulse on an off-to-on transition of the 
on-off Waveform generator 101. This is accomplished by 
feeding the output 102 of the on-off Waveform generator into 
a NAND gate, along With an inverted and delayed repre 
sentation of the same output signal 102. The inversion is 
performed by inverter 105, and the delay is introduced by 
loW-pass RC ?lter 106. In one embodiment of such a circuit, 
a typical inverter delay time of 80 picoseconds plus an RC 
?lter-imposed delay of approximately a nanosecond yields a 
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total signal delay of slightly more than one nanosecond. The 
period of the delay betWeen the delayed inverted signal and 
the original signal is controlled by the ?lter characteristics of 
the RC ?lter 106, and determines the time period of the 
output pulses shoWn at 107. 

The generated pulses as shoWn at 107 are then fed to a 
poWer ampli?er circuit section as is shoWn at 108. The 
poWer ampli?er section as pictured here is represented by a 
series of inverters having high poWer capability, Which feed 
one or more capacitively coupled antennas 109. The capaci 
tors 110 function as a loW-pass ?lter and effectively differ 
entiate the incoming signal, providing an output Waveform 
resembling a sine Wave or bandWidth-limited triangular 
Wave to the antenna. 

While a circuit such as is shoWn in FIG. 1 is useful for 
applications such as ultra-Wideband radar, it is not capable 
of encoding information into the transmitted ultra-Wideband 
pulse. The circuit of FIG. 2 incorporates a variety of 
encoding or modulation circuits as may be used in various 
embodiments of the present invention to modulate the 
ultra-Wideband pulse Waveform With information. 

At 201, an on-off Waveform generator again produces a 
pulse train as Was seen at 102 in FIG. 1. At 202, the pulse 
train passes through an OOK, or on-off keying modulation 
circuit. The signal is inverted at 203, and is modulated by 
transistor 204, Which is turned on and off by modulating 
signal 207. The modulated signal is connected to pull-up 
resistor 205, and is inverted at inverter 206 Which provides 
a modulated output signal. 

At 208, a pulse position modulating circuit comprises an 
input inverter 209 and a series resistor 210. A capacitor 211 
and a transistor 212 link the resistor output to ground, and 
a modulating signal 213 sWitches the capacitor-to-ground 
connection on and off according to the modulating signal 
213. When the capacitor is sWitched into the circuit, the 
resistor 210 and the capacitor 211 form and RC loW-pass 
?lter, and delay propagation of the pulse Waveform. The 
Waveform is then passed through inverter 214, Which pro 
vides an output from the pulse position modulating circuit. 
The delay imposed by the pulse position modulating circuit 
is dependent on the values of the resistor 210 and capacitor 
211, and can be adjusted by varying the values of these 
components to provide varying delay in various embodi 
ments of this circuit. 

At 215, the square Wave pulse is fed to a pulse duration 
and bandWidth control circuit 215. Much like the impulse 
generator circuit 103 of FIG. 1, the incoming signal is 
received by a inverter 216, delayed by an RC ?lter com 
prising resistor 217 and capacitor 218, and fed to a NAND 
gate 219. The output from the NAND gate 219 is then fed 
through tWo series inverters 220 and 221, Which provide an 
output. HoWever, the circuit here includes a capacitor 222 
and a transistor 223 Which sWitches the capacitor into the 
circuit betWeen the delayed NAND gate input and ground, 
effectively altering the RC ?lter circuit and increasing the 
time delay of the delayed pulse. The transistor sWitches the 
capacitor into and out of the circuit according to the state of 
the modulating signal 224, such that When the modulating 
signal is high, the RC circuit formed by resistor 217 and 
capacitors 218 and 222 has a signi?cantly greater time 
constant than the RC circuit formed by resistor 217 and 
capacitor 218 alone. This increase in the RC time constant 
results in a correspondingly lengthened pulse duration on the 
output of the NAND gate When a loW-to-high transition of 
the incoming signal arriving at the input of inverter 216 and 
an input of NAND gate 219. Therefore, the modulating 
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4 
signal 224 is operable in this eXample pulse duration modu 
lation circuit to vary the duration of the ultra-Wideband 
pulses output from inverter 221. 
At 225, a pulse phase modulator circuit receives the 

incoming pulse Waveform and a modulating signal 226 in an 
eXclusive-or (XOR) gate 227. When only one of the tWo 
signals is high, the output of the XOR gate is high, and is 
inverted by inverter 228 Which provides the pulse phase 
modulation circuit output. The modulating signal 226 there 
fore determines Whether the output from the pulse phase 
modulation circuit is by default loW and changes state high 
during a received pulse, or is by default high and changes 
state loW during a received pulse. 

The pulse Waveform is fed into a series of inverters 229, 
Which serve to both invert the received Waveform and 
amplify it. The inverters here are capable of providing the 
desired output to one or more connected antennas 231, via 
differentiating capacitors 230. As With the circuit of FIG. 1, 
the capacitors 230 serve to differentiate the received pulse 
Waveform and produce a bandWidth limited triangular Wave 
form someWhat resembling a sinusoidal impulse. 

While the circuit of FIG. 2 includes a variety of modu 
lation circuits, it is anticipated that other embodiments of the 
invention Will often include feWer or a single modulation 
circuit to implement a single modulation method. It is, 
hoWever, both possible and desirable in some embodiments 
of the invention to use multiple modulation methods to 
enable encoding of more data or more robust encoding of 
data into the transmitted ultra-Wideband pulse stream. It is 
further anticipated that the present invention Will be imple 
mented using various con?gurations of bandWidth and fre 
quency. 
One eXample system consistent With the examples pre 

sented here comprises pulses of approximately one nano 
second in duration, such that the very short pulse duration 
results in a very Wide bandWidth transmitted by the antenna. 
A typical resulting bandWidth might be one gigahertZ, With 
a center frequency of one gigaHertZ and a transmitted poWer 
of tens of milliWatts. This ultra Wide bandWidth provides 
good security and immunity to interception or jamming, 
particularly in applications Where signi?cant parts of the 
spectrum are blocked or used for other purposes. Further, if 
part of the spectrum is blocked by the propagation medium, 
such as in underground detection or communication, the 
ultra-Wideband system provides an ef?cient method of 
ensuring penetration in unblocked frequencies. The short 
pulse Width of a system such as is described here further 
enables accurate ranging, making the system particularly 
useful for applications such as detection and ranging of 
underground objects. 

The ultra-Wideband system described herein is also rela 
tively secure When utiliZed for communication, as receiving 
and evaluating many such signals requires advanced tech 
niques such as detection and integration of several pulses, 
synchroniZation of the transmitter and receiver, or time 
gating to suf?ciently distinguish a loW-poWer signal from 
the noise ?oor. 

Also, various components of the circuits as shoWn in 
FIGS. 1 and 2 may be substituted for other components that 
are capable of implementing the invention as claimed in the 
appended claims. For eXample, the inverters 229 may be 
easily replaced With op-amps con?gured as comparators, 
With comparators, or With a variety of other components that 
Will perform a similar function. The antennas 231 are in 
some embodiments of the invention a loop antenna, and in 
other embodiments take the form of other types of Wide 
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bandwidth antennas. Also, some embodiments of the inven 
tion incorporate variable RC time constants, Which may be 
implemented via a number of functionally equivalent cir 
cuits or mechanisms. It Will be evident to one skilled in the 
art that a variety of other such circuit modi?cations may be 
made consistent With the invention as described herein and 
as recited in the attached claims. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that any arrangement Which is calculated to 
achieve the same purpose may be substituted for the speci?c 
embodiments shoWn. This application is intended to cover 
any adaptations or variations of the invention. It is intended 
that this invention be limited only by the claims, and the full 
scope of equivalents thereof. 
What is claimed is: 
1. A modulated ultra Wideband pulse generation system, 

comprising: 
a pulse Waveform generator circuit operable to generate 

an on-off pulse Waveform; 
a modulating circuit, operable to receive a modulating 

signal and to modulate the on-off pulse Waveform in 
response to the modulating signal to produce an ultra 
Wideband radio frequency pulse; 

an antenna; and a capacitor placed betWeen the antenna 
and the modulating circuit. 

2. A modulated ultra Wideband pulse generation system, 
comprising: 

a pulse Waveform generator circuit operable to generate 
an on-off pulse Waveform; 

a modulating circuit, operable to receive a modulating 
signal and to modulate the on-off pulse Waveform in 
response to the modulating signal to produce an ultra 
Wideband radio frequency pulse, Wherein the pulse 
Waveform generator circuit generates a pseudorandom 
Waveform. 

3. A modulated ultra Wideband pulse generation system, 
comprising: 

a pulse Waveform generator circuit operable to generate 
an on-off pulse Waveform; 

a modulating circuit, operable to receive a modulating 
signal and to modulate the on-off pulse Waveform in 
response to the modulating signal to produce an ultra 
Wideband radio frequency pulse; and a variable band 
Width circuit operable to change the bandWidth of the 
ultra Wideband pulse. 

4. The modulated ultra Wideband pulse generation system 
of claim 3, Wherein the variable bandWidth circuit comprises 
a loWpass ?lter. 

5. The modulated ultra Wideband pulse generation system 
of claim 4, Wherein the loWpass ?lter comprises a resistor— 
capacitor circuit Wherein at least one of the resistor and 
capacitor are variable. 

6. A modulated ultra Wideband pulse generation system, 
comprising: 

a pulse Waveform generator circuit operable to generate 
an on-off pulse Waveform; 

a modulating circuit, operable to receive a modulating 
signal and to modulate the on-off pulse Waveform in 
response to the modulating signal to produce an ultra 
Wideband radio frequency pulse; Wherein the modulat 
ing circuit comprises a pulse position modulator oper 
able to selectively delay the on-off pulse Waveform in 
response to a modulating signal, the pulse position 
modulator comprising a resistor—capacitor loWpass 
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6 
?lter having a time constant that is varied in response 
to the modulating signal, operable to selectively delay 
the pulse position in response to the modulating signal. 

7. A modulated ultra Wideband pulse generation system, 
comprising: 

a pulse Waveform generator circuit operable to generate 
an on-off pulse Waveform; 

a modulating circuit, operable to receive a modulating 
signal and to modulate the on-off pulse Waveform in 
response to the modulating signal to produce an ultra 
Wideband radio frequency pulse; Wherein the modulat 
ing circuit comprises a phase modulator operable to 
selectively change the phase of the Waveform in 
response to a modulating signal, Wherein the phase 
modulator comprises an exclusive or (XOR) gate hav 
ing the on-off pulse Waveform as one input, a modu 
lating signal as a second input, and a modulated signal 
as an output. 

8. A method of producing a modulated ultra Wideband 
pulse, comprising: 

generating an on-off pulse Waveform; modulating the 
on-off pulse Waveform in response to a received modu 
lating signal to produce a modulated ultraWideband 
radio frequency pulse; and, 

Wherein the generated on off pulse Waveform comprises a 
random or pseudorandom stream of on-off pulses. 

9. A method of producing a modulated ultra Wideband 
pulse, comprising: 

generating an on-off pulse Waveform; modulating the 
on-off pulse Waveform in response to a received modu 
lating signal to produce a modulated ultraWideband 
radio frequency pulse; and 

changing the bandWidth of the on-off pulse Waveform via 
a variable bandWidth circuit. 

10. The method of claim 9, Wherein the variable band 
Width circuit comprises a resistor—capacitor loWpass circuit 
Wherein at least one of the resistor and capacitor are vari 
able. 

11. A method of producing a modulated ultra Wideband 
pulse, comprising: 

generating an on-off pulse Waveform; and modulating the 
on-off pulse Waveform in response to a received modu 
lating signal to produce a modulated ultraWideband 
radio frequency pulse, Wherein modulating the on-off 
pulse Waveform comprises modulating the pulse posi 
tion such that the pulse position is selectively delayed 
in response to a modulating signal, and Wherein the 
pulse position is modulated via a resistor—capacitor 
loWpass ?lter having a time constant that is varied in 
response to the modulating signal, operable to selec 
tively delay the pulse position in response to the 
modulating signal. 

12. A method of producing a modulated ultra Wideband 
pulse, comprising: 

generating an on-off pulse Waveform; and modulating the 
on-off pulse Waveform in response to a received modu 
lating signal to produce a modulated ultraWideband 
radio frequency pulse, Wherein modulating the on-off 
Waveform comprises phase modulation of the Wave 
form such that the phase of the Waveform is selectively 
changed in response to a modulating signal Wherein the 
phase modulation is performed via a circuit comprising 
an exclusive or (XOR) gate having the on-off pulse 
Waveform as one input, a modulating signal as a second 
input, and a modulated signal as an output. 

* * * * * 


